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INTRODUCTION 

The depiction of the tropical rain-forests ofthe worldTh dnepetione ofate 2
ropicl0 Im2 per year (Myers,at an estimated rate of 245,000 e ya Myr1980) is one of the most ( 'urbing aspects of present-
day biospheral tendencies. .or, although occupying lessthan 10% of the Earth's land surface, they harbour about 
half of the Earth's 5-10 million biological species (Heksira, 1981), while Woodwell et al.(1978) have estimated aziet release of 4-8 petagrams (each of 1015g) of carbon
annually into the atmosphere, mainly from the clearing
and/or burning of tropical forests. 

InIndia the rain-forests were formerly distributed ina
Portion of the south-west region and in the foothills ofthe north-east region. While most of their areas have
already been put to other land-uses in the latter region,
inthe south-west (the Western Ghats), in and around 
Silent Valley, even today almost virgin tracts of tropicalrain-forest are left. In recent years the proposal to cons-
!ruct a reservoir in Silent Valley by damming the River
Kunthipuzha-to generate hydroelectric power and to
Itrigate fields of crops--raised several controversies,
Ilcluding (i) whether or not the Silent Valley forest
represents a typical tropical rain-forest, and (ii) whether 
the reservoir construction would be detrimental to theforest. The first question is being addressed by Singh et 
al.(in press).

The Government of India has not, so far, allowed thedevelopnient of the proposed reservoir. How'.'ei, inView of the power needs, the supporters of the dam-
Costrjuction proposal continue to raise their voices, the 
controvers, is still alive, and ieSilent Valley forest
fernains th:-atened (cf.Oza, 1981; Ramakrishnan, 1984). 

In this paper, a brief description of the vegetation of 
the Silent Valley is given, and the need for conservationof this system is discussed. A plea is made for accordingin the status at least of a Biosphere Reserve.in
 

Tim SILENT VALLEY 

Physical and Biotic Set-up
The Silent Valley reserve forest, spread over about

9,000 ha, is located on the lower side of the Nilgiri pla
teau, which ranges in elevation from about 500 to nearly
2,000 m (Fig. 1). From the climatological account given
by Lengerke (1977) for Nilgiri and environs, the annualrainfall in the Silent Valley area would appear to centre
around 5,000 mm, with minimum temperature ranging
between 81C and 14'C, and maximum between 23'C 
and 29'C. 

The valley has been bereft of human settlementlur
ing recorded history, the current human interferences 
being in the form of selective tree-felling by the Kerala
State Forest Department, burning of adjacent savanna 
and forest edges, and pre-dam construction work. Theforest is drained by the River Kunthipuzha and its tribu
taries (Fig. 1).

The vegetation is riparian on both sides of the River 
and its tributaries. On the upland, along the hill-slopes,the tall trees wth clear boles impart an appearance (Figs2 and 3) which is distinct from that of the riparian forest(Fig. 4). In their water-relations, at least as far as could
be judged from the visual appearance of the forest fJoor,
the Silent Valley upland forest is called here mesic
upland forest, while that of the adjacent Attapadi 
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Salient Featutres of Veg:ation
reserve is called 'less-mesic upland 	forest'. Rc;current 
burning especially of the latter has led to the formation Details of the vegetation of Silent Valley are given in 
of savanna, with few scattered fire-resistant trees on 	 Singh et al. (in press), its main feature being that the 

forests represent types of tropical rain-forest. Thecertain ridge-tops ana slopes (Fig. 5). 
upland forests are characterized by: their multilayered 

(5-6 layers, cf. Fig. 6)structure (Table 1), with emergent 
e 30 

N 

species raising their crowns above the general canopy 
layer and imparting, in consequence, an undulating or 
'bumpy' look to the canopy surface (Fig. 3); their copi. 
ous growth of fine feeder-roots, characteristically rising,107 
up to the soil's surface and occupying the interface oftheJ 

.o' 	 decaying itter layer and th'e mineral matrix of the soil: 
their tallest 'emergent' trees growing up to around 
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FIG. 1. Sketch-ma ofSilent Valley (delimited by line broken by 

crosses) and the adjoining Altapadi (sic) region, with indication FIG. 2. The Silent Valley forest, an overview. Photo: Dr N.C 
Nair.

of the proposed dam and reservoir (dotted area). 
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3. A general view of uplandforest in Silent Va'ley. Tie foreground represents 'creeping' deforestation. Photo: Dr VA. 
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TABLE I 

(CertainCommunity Characters of the Forests within and 
around Silent Valley. 

Afesic Less-inesic 
Riparian upland upland 

Average height of the tallest 
layer (m) 34.9 54.6 42.0 

Number of layers 5 6 5 
lbtal basal area of tree

trunks (m2 per ha) 47.7 102.7 .- . 29.7 
Species' richness 

Number of species
Fi. 4. Banks of the River Kunthipuzha showing the gailery

forest and trees with smooth bark. Photo: Dr N.C. Nair. 
measured per 0.1 ha for 
the riparian aid less 
mesic upland forests, 
and per 0.03 ha for the 

36 34 27 

':" , j 

mesic upland forest. 
2. Number of species

extrapoh ted per0.4 Iha. 56 84 44 
- "1i.Shannon-Wiener Index* 

FIc, 5. Grassland wilt sparse tree vegetation. Photo: Dr N.C. 
Nair. 

50-60 m (Fig. 6), with typically slender and clear boles 
often buttressed at the base (Fig. 7), and light-coloured
barkhavinga thickness in sonme 50%ofthe species ofless 
than 3 mm (Table I1); and the prevalence ofwoody spe-
cies even in the grour.d flora, where the shrubs grow
t!pically like trees, with unbranched stems bearing a crown at the top (treelet). 

Other features are that the leaves arc typically of the
laurel type, with the size increasing from the uppermost
to the lowest tree layer (Table I1); the abundance ofepi-
ph.tes, stranglers, and woody climbers (lianas); the 
ltpically evergreen appearance even in spring, whenleaf-lll is prevalent in most parts ofIndia; the species-
richness on the higher side (Table I) of the range given
for tropical rain-forests of the vorld; and the establish-
alent ofa situation in which the most important tree spe-
Cies varies from one size-class to another (Table III).

Compared with the upland forests, the riparian forest
has a different physiognomy and species-composition
(Fig. 8and Tables III and IV). The trees tend to be shor-
er, with less-slender boles and the crown's depth mar-
kedly greater than in upland forest trees. Furthermore,

the sl-rface root-system is less developed, 
The relatively large total tree-basal cover (Table 1)of2the Mesic upland forest (102.7 m per ha compared with 

'5.0-73.6 112 per ha reported for other tropical forests) 

Trees 4.15 4.08 3.52 
Shus1.18 2.23 0.90Climbers 2.93 2.57 3.02 

* Shannon-Wiener Index = -2: (Ni/N) log 2(Ni/N), where 

Ni isthe total number of individuals of species i, and N is the
total number of individuals of all species. S= total number ofspecies. The Index was calculated separately for tree species,shrub species, and climbers. The higher the values ofthe Index 
are, the higher will be the species' diversity. 

indicates its luxuriance, and suggests that the forest [as
been free from marked biotic pressure. The proportion
of species in Silent Valley with bark thickness 3 mm or
less was remarkably high (56%) (Table II), suggesting
that favourable growth-conditions prevail throughout
the year.

Analysis of the vegetation suggests that the present
forests represent essentially the mixed types oftropical
rain-forest, where dominance exhibited by any single
species is very low, in contrast to some rain-forests with 
single dominant species as described by Richards 
(1952), where a particular species may form 52.5-5 %ofthe tree population. Richards is of the opinicn that
rain-forests with single-species dominance develop
where conditions are relatively unfavourable. 

The population structure of the two most important
species of the upland mesic forest, namely Palaquium
ellipticum and Cullenia exarillata, indicated a stable
population when individuals of the entire forest area 
were accounted for, but an unstable population when
only a small area (800 m) was considered (Singh et al., 
in press). Obviously, a larger area than this latter is
required to maintain their population. It is evident that, 
in order to maintain astable population of'relatively rarelarge-tree species in atropical rain-forest, an area larger
than that of the Silent Valley forest may be requiired. 

http:Shus1.18
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2 area ofSilent Valley. For explanation of the abbreviated name,FI:G. 6. Profile diagram for mesic uplandforest representing a 400 tn
of the genera and species, see Fig. 8. The additional species are: AM =~ ,meeboidii,AS1 = An,-Agrostistachys Amoora sp., AS, 
strphe serratifolia, CE :=Cullenia exarillata, CT =Callicarpa tomentosa, CR =Clanmus rotag, CC = Chasalia curviflora DE., 
Drypetes elata, EP = Ery~hropalum populifolium, GM :=Garcinia morella, IS= Ipomaea silicosa, [C1 = Litsea coriacea, LC . 
Laportee ,renulra, LI = Lea indica, lJ= Lasianthus iackianus, MD = Myristica dactyloid~s, MP = Macaranga peltata, Ml-. 
Microtropis latifolia, NF = Nothapodytes foetida, PE = Palaquium ellipticum PS1 = Pothos scandens, PA = Paranignyz arm~a 
SL = Syzygium laetum, TS1 = Thunbergia sp. TS, = Trichosanthes sp., US, = Unzdentfiedsp.B, VS1 = Ventilago sp., VS2 = Cisi:s 
sp., XF = Xanthophyllum flavescens. See ailso Singh et al. (in press). 

i !! __Certain Gross Morphological Features of Trees of S,'le 

Percentage of species with 1-3 mm bark

thickness 56 

Percentage of species supporting woody 6.
climbeus (lianas) 

__Average lear-size (cm' e leaf) for 

differ'ent tree-layers
Emergent 
Canopy 89.5 

FIG. 7. A heavily buttressed treer-trunk ofCullenia exarillata. Mliddle 121.7 
Photo: Dr VAM.Aleher-Homji. Lower .132.7 

Percentage of species having different
 
Where the original forest vegetation had been cleared leaf-sizes
along the roads, a dense growth of pioneers, suchTas Cle- Leaf-size (cm perJleaf 

32.7 36rodendrum sp. and Macaranga peltata, was evident, with 89.8 
dense ground-vegetation. This was also the situation in 121.7 o 
larger gaps (Fig. 9), though neithero f these species was 132.7 i 
able to enter the adjacent undisturbed forest. _=_______s., _____"-"=__________p.____nienifed____VS 



Singh et al.: India's Silent Valley and Its Threatened Rain-forest Ecosystems 227 

P 40 

124' 

00,, 
16 GO us, IEa 

P eT 

us ES. DL LWAC Y 

0 t Sm 0 4Sm 

CAN41yCA. 'OP.IOT WOH
2Fla. 8. Profile diagram for riparianfore.st representing a400 m area in Silent ,.'alley: AS2 =Alseodaphne sp., AS4 = Antidesnr,asp.,

ItM --Boehmeria malabarica, CE, = Cilophyllum elatum, CM = Cinnamomum macrocarpum, CV = Clerodendrum viscosum,
DL= Dimocarnus longan, ET= Eaeocarpus tuberculatus, ES = Eugenia sp., FS = Ficus sp., 6S = Glochidion sp., GO = Gordo
nia obtusa, HN = Hloligarna nigra, HS = telicia sp., IS = Jasminum sp., LS = Litsea sp., LW = Litsea wighti,, MC = Mezohei:,on 
sp, MS = Memecylon sp., NS = Nothofagus sp., OD = Ole dioica, '5; = Ochiandra scriptoria, PS2 = Piper sp., PI = Poecilonieu. 
ton indicum, PT = Psychotria thwaitcsij, RS .= Randia speciosa, SC =Syzygium caryophyllatum, 5S = Strobilanthes sp., SS, -Stelphania sp., SP = Smilax prolif'era, TC = "Tbona ciliata, US, = llnih.entified sp.A, UN2 = Unidentified sp.B, US = Unidentified3sp.C, US, = Unidentified sp.D, US5 = Ulnidentfied spEl, US6 =Unidentifiedsp.E See also Singh et al. (in press.). 

TABLE 1l1 
IrmportantSpecies (wit/h IVI .>44)for Each Girth-class in Different Forests ofSilent Valley. (The Importance Valie 
Index (IVJ) is the sum of relative f'requency, relativc density, and relative basal area. All values are for trees 

-31.5 cm cbh.) 

6irb-class (cm) Riparian Mtedic upland Less mesic upland 

31.5 to 65.5 Clerodendrun, viscosum Pa/a quium el/ipticum, Agrostistachys meebuildii 
66 to 100 Poeciloneuron indicum Pa/a qulum e/lip ticun: Eugenia sp.

100.5 to 134.5 Elaeocarpus iuberculatus Alseodal: ,ne sp. -. 
135 to 169 Cinnamonmum macrocarpum Holigarna nigra Unidentified sp.to 203.5 E65 -Do'petes dara Drypetes Iata 
204 to 23Z O/ca dioeca Dtypetes elata Culienia exarillata 
238.5 to 272.5 Elaeocarpustuberculatus ES Cullen, exarilara 

>273 -- Pa/aq.ium ellipticu 

TABLE IV
 

Importance Value Index (IV) of Dominant Species. (All values are for trees >31.5 cm cbh.)
 

Riparian Mesic upland Less-msic upland
Species IV! Species liI Species IV 

1o1ocarpus tuberculatus 40 Eugenia sp. 22 Alseodaphne sp. 38 
Egeni sp. 28 Ficus sp. 30 Paloquiumn ellipticum 62 
Poecioneuronindicun 25 Palaquium el/iptic 64 Drypetes elata 38 
Ol2a diolca 24 Cullenia exari/lata 30 Amoora sp. 27 
2ona ciliata 20 Drypetes eata 20 Holigarnanigra 14 
Clej2odendru viscosum 18 ,Vothapodytesfoetida 18 Litsea sp. 13 
Rest: 14 species 145 Rest: 17 species 116 Rest: 13 species 108 
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FiG. 9. Secondary vegetation iithyoung Clerodendrurn plants 

abundant in the field-layer' of disturbedforest. Photo: Dr NC. 
Nair. 

NEED TO CONSERVE 

The rate of depletion of the tropical rain-forests in 

most of theirareas isalarmingly high, and is such that, if 

it continued at the present rate, by the end of this ceon-

tury orly a few tracts of the unimpaired original forests 

would be left. More often than not, the immediate eco-

nomic gains from the exploitation of these forests cause 
losses in the form of soil erosion, diseases,long-term 


and pollution (leksira, 1981- Herrera et al, 19.l). 


It is consequently quite crucial to decide whether we 

are going to convert 60 million years of evolution into 

tissues of wrapping-paper, wood-pulp, veneers, or mate-

rials for construction (o, a few hundred megawatts of 
case of the Silent Vlley), for whichelectricity in the 


there are usually mlany alternatives available (Ileksira, 


1981). Or are these unique ecosystems to be preserved, 


with Mankind and Nature benefiting in many ways in-


cluding preservation of the large genetic resources lying 


in them? The 'World Charter for Nature' (similar to the 


United Nations' Charter of Human Rights), which was 


passed by the United Nations General Assembly on 28 


October 1982*, emphasized in effect that: (i) special pro

*Noted as 'Adopted by the UN GenerI Assembly on 28 
October 1932' and published in EnvirontentalConservation, 

vol. 10, No. 1,pp. 67-8, 1983.-Ed. 

tection shall be given to unique areas, representative 
of all ecosystems, and habitats of endangered 

slecies, and (ii) continued existence of all forms of life 
shall not be compronised, while the population levels o" 
all species must be at least sufficient for their surviva: 
(see Ileksira, 1981). 

In view ofthe above, a need to conserve the Silent Val. 
ley forest, which is amo ,,the few pristine tropical rain. 

forests left on Earth, is urgent. Some of the possiblh 
effects of dam construction and the related impacts or. 
this system will now be discussed. 

LIKELY Dimfc-r EF-FECTS 

A direct effect of the constructiun of the dan vculd 
be the loss of 530 ha of species-rich rain-foiest in addi. 
tion to 300 ha of the savanna, consequeNt on flooding. 
fhe forested area to be submerged, which includes both 
the riparian (or gallery) and upland forests, account!; 
for about 6% of the total Silent Valley forest ieserv
(8,952 ha). 

Reservoir construction would alter the ground-water 
patterns around the resuIltarit lake's shoreline. Nor. 
mally, the indigenou, species adapted to river-bank con
ditions Would do less well along reservoir shores than 
river-bank ones, owing to more static conditions or irre. 
gularityt of water-level of the reservoir (Dasmannae a. 
1974). Even if shoreline vegetation in the latter instance 
were to be somewhat similar to the vegetation deve
loped along a stream, it would be structurally simpler. 

Concomitantly, the faunal diversity, especially of birds, 

would be lower, as it is related to the number of strau 
and the height of vegetation (MacArthur& MacArthur. 
1961; Whittaker, 1975). In such habitats as fields and 
marshes, which are structurally simpler, the opportuni. 
ties for within-habitat specializations are limited. at 

least for biids (Cody, 1968) 
lroblcms of spread of diseases conseluent on cons

truction of dams in the tropics have been highlighted b. 

Dasmann r, al. (1974). The construction of irrigation 

works and creation of sho elines have helped to spread 

malaria in many tropical areas (see, for example. Farver 

& Milton, 19'2). 
Inundation also changes the mineral regime of eco

for ir,tance, indicatedsystems,. Studies in Panama, 
increased mineral storage in the vegetation, due to inua

dation of the stand, so that the riverine forest contained 

larger quantities ofselccted elements than the adjacent 

upland forests (Farnworth & Golley, 1974). Further 

problems may come from downstream alteration of the 

water regime, loss of soil nutrients from seasonal flood 

ing, channel and delta erosion, and increased water

borne diseases (see Farver & Milton, 1972). Are-s 

a dam may contain systems that aredownstream from 
adapted to periodic flooding and particularly to nutrient 

inputs through silt deposition; completion of the dan' 

'In answer to our query about this, DrJ.S. Singh replied 01 

lint. 27 August 19S4) 'The water-level is irregular because it 
depends upon the year-to-year vriability in rainfall and wate 
use for irrigation.'--Ed. 
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may alter the regime unfavourably for the species in 
such systems. This may also affect the downstream fish 
populations (Dasmann et al., 1974)." 

Tile darn construction at the proposed location would 
enhance the state of erosion within the submeiged and 
in the adjoining areas owing to acce'. rated supply of 
debris and silt from the northern slopes. This apprehen-
sion is strengthened by the higher drainage-density on 
northern siopes than on southern ones. (O.P. Goel, 
Iers. common.), inducing a high rate of erosion on the 
northern slopes of the basin, thus bringing lots of silt to 
the lower reaches of the basin. The past records (Gadgil, 
1979) indicate that the rate of siltation in 17 reservoirs 
of India has exceeded the expected rate, thus reducing 
the useful life of the reservoirs considerably. 

INDIRECT EFFECTS 

It is estimated that a population of 3,000 workers 
would be invuved in the construction work of the pro-
posed dam for a period of about seven years. Consider-
ing the average size of the family to be of at least three 
individuals (each worker isassumcd to be accompanied 
with his/her spouse and, on average, at least one child), 
the effective population size might well amount to 
9.000. At the fire-wood consumption-rate of 0.8 kg per 
caput per day (Khadi and Village Industries Commis
sion, 1975), the total fuel-wood consumption during 
seven years would be 18,396 tonnes. 

Our observations have indicated that the most com-
moo girth-class exploited for fire-wood was 30-60 cm, 
and that the preference for cutting a tree for fuel was not 
species-specific. Assuming that 2.2 x 10 i 3 wood-

'
volume converts to about 2 X tonnes of the above-
ground dry matter in the cut-down trees (Whittaker & 
Likens, 1975), and the volume available in the 30-60 cm 
girth-class equals 20.5 m per ha (computed from 
Chandrashekharan. 1973), from each hectare of the 
forest usable fire-wood available in terms ofdry-weight
would be 18.67 tonnes. Thus to extract 18,396 tonnes 
of the fire-wood, the laboar population alone would 
exploit some 985.3 ha of the species-rich forest which, 
%ith the complete loss of a further 530 ha from irn-
poundment (see above), \%ould account for about one-
sixth ofthe total area of the Silent Valley reserve forest 
sithout counting other effects! 

We assume that tile timber required for construction 
of huts for the workers would be met from the area to be 
subnerced, or from areas to be clear-felled for various 
oLher purposes. But even if a portion of the projectedfire-wood requirement w\ere met from the submersible
"rea, aconsiderable tract ofthe more accessible nonsub

mersible forest with gentler slopes would be bound to be 
aflected. As pointed out by Gadgil (1979) for the reser 
'oirs of the upper Nilgiri plateau (located in nearby
areas), tile level of forest exploitation in such an activity 
tsmuch larger than that reflected by the mere fire-wood 
tetrdction. 

Interestingly, timber exploitation i, tropical rain
forests may be limited to only a few species. For 
cxample, in Amazonia only 50 out of many thousands 
of species are exploited. Future botanical composition 
is thus affected, sometimes quite drastically-for 
example, with removal of dominants and damage in 
such selective felling. Indeed, such removal of large 
trees often damages the remaining ones beyond recov
cry, and far more than would be the case in a temperate 
forest.
 

The hydroelectric and irr:gaion projects would open 
up previously inaccessible regions that are rich in wild
life to new agricultural settlers and poachers (cf.Gadgil,
1979, who also reports that the colonization of'areas ren
dered accessible by the Silent Valley hydroelectric pro
ject is already underway, and will lead to irreversible 
damage). These settlers may follow the pattern of those 
in the Idikki area (another project in the Western
Ghats), who have already colonized the hill-slopes that 
are unfit for cultivation, wiile large stretches of the 
nearby Attapadi area are mute witness to this effect. 

Forest openings, irregulaily distributed in space and 
time, would be created by the firewood and timber 
extraction. Although the creation of small gaps, due to 
frequent uiatural tree-fall and subsequent regeneration, 
(Figs 10 and 11), is an essential part ofa dynamic tropical 
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-These and many allied problems arc well treated by Dr Ile 
ritOrrey E. Pelts in his book, Impounded Rivers, which N%-ill ,. --. "be . 
"ublished shortly in our Environmental Monographs & Syn- Flo. 10. AIgtottp of w pingv ofCmnariurn strictum growing in 
iaseries by John Wiley & Sons.-Ed. gal ,f hV.hullh'n tree. Photo: Dr VM.,'eher-IHonji. 



,30 	 Environmental Consenction 

quently the volule of living matter would be reduced 
by an equivalent amount. A large tree-height is obtained 

"- 1., because of systematic thinning of foliage and an avoid
ance of total canopy-closure in the highest levels of theI; forests, which in turn permits enough fight to pass 

," through to sustain all the vegetation below. 
', ,)ur stildy has indicated a copious growth or sut face 

3 	 rcots in the Silent Valley forest. Jordan & Medina (1977),
while describing the nutrient-conservation mechanisms 
in tropical rain-forests, point out that trne root-mat and 

,, 	 humus act as an exchange column (For quick absorption 
by roots) to prevent leaching of nutrients until the 
nutrients can bc taken tip by the roots. In this column. 
niycorrhizal Fungi play a role in the direct transfer of 
nutrients from decomposing litter to roots. This delicate 
mechanism would be vulnerable tc flooding and water. 

. logging-a condition which submergence by the pro
n posed reservoir would create, owing to the expectcd rise 

in the water-table, at least around the shoreline. 
In parts of the Silent Valley area, burning has led to 

replacement of the forest by coarse tussock-grasses (e.g. 
Sacchanim spontaneum, Imperata qlindrica, Thened, 
triandia, etc.) with scattered dwarf individuals of

W t-Emblica 	 officinalis and other fire-resistant tree species 
(Fig. 5). Man-induced fire is already 'eating away' the 
forests at the edges of the savanna, facilitating the spread 
of the latter, and approaching a situation vhence it 

070-A- would be impossible to return to the levei of originji 
.forest, even ifit were given every opportunity to recover 

vegetation ofcleared areas around Anghor in Corn
bodia, still does not fully resemble the surrounding 
areas of undisturbed tropical forests, even after a lapse 
of from five to six centuries (Dasmann e al., 1974). 

SThe 

FIG. 11. The background of Fig. 10 shows a sizeablo area The alteration of vegetation by various biotic distur
exposed through natural death of trees. Photo: Dr VA!. Meher- bances, including the total destruction ofsome habitats. 

would cause a reduction in plant diversity. Even the 
n-ildly-disturbed Attapadi forest has become less mesic 

rain-forest (Hartshorn, 1978), creation of large gaps and than formerly and relatively species-poor, while th, 
concomitant changes in microenvironment leads to the burnt sites have lost all their forest species. We hav. 
development of a vegetation dominated by pioneers seen from the data on population structure of trees in 
(e.g. Macarangapeltata and Clerodendnmn sp. in Silent the Silent Vaiey, that a remarkably high species-
Valley, Fig. 9). richness is made possible, in part, by the species-conbl-

With continued disturbance, as still larger and larger nations varying from one girth-class to another. Tho 
gaps are created in such a forest, Kldmer (1926, 1933) species populations are in constant flux in space ard 
believes that conditions become so unfavourable for time, and this ismade possible when su!table habitatscl 
forest trees that they fail to reestablish themselves for a sufficient sizes are available to encompass all the stages 
very long time. Indeed, regeneration of humid tropical of growth of all the species. 
forests, when once destroyed, may be extremely slow or Any serious reduction in the size and heterogeneitYwi 
even never occur (Farnworth & Golley, 1974). Ng (1980) the habitats involved is likely to lead to some disappear. 
has shown, on the basis of seed germination of 235 spe- ance ofplant species, to which in turn may be related th" 
cics of Maiaysian woody flora, that the time-lapse at survival ofheterotrophic species. Many of the speciec: 
which 50% of the species ame withdrawn From the seed- tropical rain-forests have not yet been catalogued, quit: 
bznk in soil is only six weeks. Obviously, the soil is vir- apart from gathering information about their lifc-cydl!
tually useless as a source of seeds for the establishment physio!ogy, population dynamics, economic uses, etc

of the original forest composition. Indeed, the tropical Myers (1979) reports that only about one-sixth ofthe 
rain-forests are a non-renewable resource oarexcellence, estimated three million organisms of tropical rai 

Ng (1983) has also shown that rain-forests which forests have been catalogued, and the situation may nc* 
regenerate after exploitation are not likely to achieve be very different in the Silent Valley forest. 
the height of the original forest, because the lowered Thus some preliminary observations by the Zool.0 
vegetational matrix will lower the clear-bole-height (i.e. cal Survey of India, inolving some casual samples frfOI. 
to which trunks remain branchless) of developing young the Silent Valley forest, indicate the presence of ab)": 
trees. Height-reduction of 25 to 50% may occur; conse- 8,000 species, many of which are endemic, rare, ulidc" 

10 

0 
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cribed, or threatened (Swaminathan, 1983). Of the iden-
tided ones, 500 species belong to amphibia alone, someof them are caecilians or limbless amphibia, and the 
occurrence of primitive amphibians particularly of the 
genus Malarophidium is of special interest. A numberof reptiles are new additions to the present catalogue
of reptiles. Avian fauna is particularly rich. Among,he mamnals, the endangered Lion-tailed Macaque
(.facacasilenus) is of Particulir interest, 

Needless to say, the ihte ora rich fauna depends on
rich vegetation. According to 'Gilbert (1980), the loss ofa
,keystone mutualist' (keystcne mutualists are those
organisms, typically plants, which provide critical sup-polt to large com.lexes of 'mobilh links', the latter
being those animals which ai : significant factors in thepersistence of several plant species that in turn support
otherwise separate food-webs) would, with some time-de!ay cause a loss of mobile links followed by losses oflink-dependent plants through a breakdown in repro-
duction and dispersion.

In fragmented habitats or in isolated stretches, certain
plant species might be lost during the habitat distur-
bance. and c Lrtain species that are criticaJ to canopyplants may die off as commuting distance3 between
diverse resources become too great. According to Gil-bert (1980), among tropical birds, fruit- and flower-
feeders are known to be extinction-prone-presumably
because the area required to assure the continuous
availability of such resources is much greater than that
required for the continuous availability of insect food.
The local extinction-rates appear to be very high for tro-pical species (Stehli et al., 1969; Farnworth & Golley,
1974), and therefore much more caution is needed with
them than with species of other regions. 

PLEA FOR A BlOSt"'WRi" RESERX E 

The construction of the p',oposed dam and reservoir

in Silent Valley would fragment the continuity of the

habitat by creating a physical barrier. The remarkably
nigh rate of destruction of forests is resulting in a shrin-
Lee in the area of natural ecosystems, which begin toe.hibit 'island' characteristics. Experience from Barro
Colorado Island in Panama indicates a gradual loss ofsnpecies, with fragmentation and reduction of the size ofthe overall habitat (Foster, 1980; Gilbert, 1980). Con-
stquently it is emphasized that, in order to protect the
biolugical diversity of an area, it should be as large as
Possible, so as to include both elevational and micro-habitat differences (Eisenberg, 1980), and to satisfy the
ninimum-area requirements of the inhabiting species'Wilson & Willis, 1975). Take ihe example of wild ele-
Phants. An Indian Elephant (Erphas maximus) eats2-5 quintals of vegetal material per day, and destroys
,any times more (Medway, 1969). In order to preserve

the Elephant population and yet keep the forest loss atreplacePable level, it is necessary that a sufficient area of
forest is preserved. 
. The minimum critical size ofan isolated tropical rain-SOrest, i.e. the area necessary to maintain a tropical
'West community at close to its characteristic density
Lovejoy & Oren, 1981), is difficult to assess. However, 

the low population-densities of most species, occur
rence of dioecy in some, graduated instead of all-ornothing flowering response, and the high degree of
endemism, dictate that the forest area to be conserved 
must be very substantial (Ng, 1983).

A minimum of 200 mature individuals per tree spe
cies has been suggested by Ashton (1976) as an adequatebreeding population. On average, across the three standsof the Silent Valley forest, the extrapolated species
numberwasabout60per0.4 ha. In small sampling-creas
of 0.18 ha we sampled 40 species. Following the criterion 
of Ashton (1976) for trees, a minimum of 2.5-7.0 ha for
the three most important species, 10 ha fbr the next tenimportant species, 20 ha for the next five important spe
cies, 30 ha for the next 6 important species, and 60 ha forthe next 7 important species, would be required. Need
less to say, the remaining species would be far rarer, sothat a correspondingly much larger area would berequired to have 200 mature individuals ofeach of them.

It is obvious, however, that these calculations cannotbe reliable--because, firstly, we sampled a very small 
area, and, secondly, numerical representation of a spe
cies cannot he assumed to increase proportionately with area, even though the total riumber of trees, regardless
of the species, may do so. Data on the number ofmature
individuals of each species over a much larger area (23ha) are available from Poore (1968) for the lowland
forest in Jengka Forest Reserve, Malaysia: of the 377species, 153 or 38% were represented by only a single
mature individual each. It was calculated that, for each
of these 143 rare species, every additional 23 ha wouldadd one more mature individual, and a :otal of 4,600 ha
would be necessary to meet the minimum standard of
200 mature individuals per species!
 

However, recent findings 
 of Lovejoy et al. (1983)
indicate that even the species which are included withinthe isolated reserved forest are exposed to varioushazards and may vanish in the long term. These authorshave been trying to assess the impact of fragmentation 
on the ecological dynamics of tropical rain-forest iniAmazenia. The results gathered so far indicate that,
even in only the first 19 months of isolation, the number

of wird-thrown trees on the windward margin ofa 10-ha

isolated reserve 
 increased considerably, and consequently species-composition changed; 
 the number ofstanding dead trees (from sources other than wind)
jumped dramatically from 9 to 65; an adult Scleronema
micranthuni (Bombacaceae) located on the windward
 
margin ofan isolated one-ha reserve flowered 6 months
out of synchrony with other members of this species in
intact forest, and survival of its seedlings was reducedconspicuously because of the high percentage of seed
predation; a pair offruit-eating monkeys confined to the10-ha reserve started eating less-preferred green fruitsand destroyed the seed-crop in the process; a Sakimon
key (Chiropotes sp.) ruined the seed-crop of the only treein fruit at one point and disappeared, presumably having
perished; and so we go on. 

The foregoing indicates that the reserves of tropicalrain-forests cannot be maintained in the form ofisolated
stands; they need to be oflarge size ifanything like their
entire dynamics and diversity are to be maintained. 
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The recent impetus on the construction of hydro-
electric projects and other land-uses in the Western 
Ghats is continually fragmenting the long stretch oftro-
pical rain-forest habitat (Fig. 12, cf. Nair etal., 1980). The 
question is not so much whether or not this fragmenta-
tion should be allowed to continue unabated, but how to 
stop it. We feel that the short-term economic gains 
would look very meagre in quality and quantity if com
pared with the long-term gain that could only come 
through preserving this unique gene-reservoir. In the
words ofDasmann et aL (1974), 'the biotic diversity is of 
inestimable value to mankind for scientific, educational, 
and\aesthetic purposes-a value which is bound to be 
enhanced with the passage of time, as such resources 
become more restricted.'It is clearly most desirable that 
not only the Silent Valley but also the adjoining, 
unspoilt natural areas, should be included in some such 
conservational body as a Biosphere Reserve (about
39,000 ha, cf. Swaminathan, 1983), inter aliato preserve 
their high level of genetic diversity. Being relatively 
inaccessible (N.C. Nair, pers. commun.), the Silent Val-
ley should make the heart of any such Biosphere
Reserve, 

- -marked. 

K /" 
, e K,, hydt,ploJt .ll 

0 r \ 
SI ratmy pro, 

C 
'-,e.Bh cr projADA 

J:-. a.' v...l. oRr _the 

\ "-" 7 
.: 

- ' , Pr * ,vath y ,
I l,. , 

* comp et.. - O,4 r'p ,yar. M-ar proj 

e 0irtatly compiel.d 

SOngoing. Silent valley 

o " = Parar'bitu m -A lla r p r
 
0 Fi e 
 ,__.._:k_ rn 

Pant.,,ons.P 'n., .Plos proj 
SIflkki., Peo,,yar- i-" -- eseroir 

SalaSlS'a Kakk, " 
\ , Kallt.1 -

\ ei.al4r 
Nly)yar -p'roj , P-apanasarm

TPIVANDRUM .' ,,. tr
' m~tal.a kk proj. 

- C,
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SUMNIMARY 

Most of the features that are commonly attributei to 
typical tropical rain-forests' such as a preponderance of 
woody vegetation and species with leaves in the meso. 
phyll size-class, tall slender trees with 'flying buttress' 
and unusually thin bark, multilayering of vegetation
with abundance ofepiphytes and stranglers, evergreen 
ness, strong tendency to change in species composition
in time and space, and high diversity of dominance, are 
plentifully displayed by the forests ofthe Silent Valley in 
southwestern India. A relattv. ly high species-richness.
remarkably thin bark of trees, and high total tree-basal 
area, indicate that the valley embodies a virgin forest 
and that conditions for growth are very favourable. 
Because of the terrain, heterogeneity in habitats is well 

The proposed const Iuction of a dam and large flood.
ing reservoir threatens to bring about several undesir
able alterations in the environment of the Silent Valle% 
rain- and riparian forests, and the disturbances thai 
would follow such construction, and flooding would be 
highly detrimental to the diversity of the forests and to 

complexity of their structure. Hence a plea is made 
for the setting aside forthwith of a proposed major
'Silent Valley Biosphere Reserve', which could safe
guard a unique part of the world's genetical heritage
and one ofits most interesting complexes ofnatural eco-
Ssystems. 

_ _ __ __-'-
Silent Valley as a World Heritage Site?
 

Recent press reports having carried such
 

alarms as The Times of India News Service's 
Ole of 29 July 1984 that 'Some opposition 
parties in Kerala, including the CPM, have 
launched a campaign for revival of the Silent 
Valley hdel project that had been dropped 

in the face ofprotests by environmentalists'
 
we feel that the best way to preserve and safe
guard this unique area for posterity might

still be its declaration as a World Heritage
 
Site-as suggested by Dr G.M. Oza in Envi
ronmental Consen'ation, 8(1), p. 52, Spring
 
1981, and recalling the recent saving of the
 
SW 1hsmanian Wilderness as reported in our
 

last Winter's issue (pp. 355-6) by Drs Saddler
 
& Dragun.-Ed.
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